Background: Patellofemoral instability affects activities of daily living and hinders athletic participation. Over the past 2 decades, more attention has been paid to medial patellofemoral ligament (MPFL) reconstruction for the treatment of recurrent patellar dislocations/subluxations. Numerous techniques have been reported; however, there is no consensus regarding optimal reconstruction.
in the depression formed between the adductor tubercle and the medial epicondyle. 3 The MPFL may form an arch with the superficial medial collateral ligament 31 and inserts laterally over the proximal two thirds of the medial patella in a fan-like fashion. 29, 31, 42 The ligament tightens in full extension and loses tension upon flexion. Patellar stabilization within the normal trochlea occurs at 15°to 20°of flexion. 2 Primary patellar dislocations often lead to a disruption of the MPFL.
Even though the treatment of patellar instability has evolved significantly over the past 2 decades, the consistent surgical technique to treat recurrent patellar dislocations remains unclear. Nevertheless, the reconstruction of the MPFL has become a popular procedure for the treatment of these patients. 7, 11, 20 The literature contains numerous methods of MPFL reconstruction for the treatment of patellar dislocation with variations in graft choice, patellar fixation, femoral fixation, graft tension, and angle of knee flexion at the time of fixation. The literature also recommends various fixation methods as well as different anatomic and nonanatomic reconstruction techniques. One of the most important aspects of evaluating a new procedure is assessing the complications and problems that are unique to each technique. Our interest, therefore, was to query the current literature with regard to the rate and type of postoperative complications after MPFL reconstruction. A secondary objective was to potentially identify specific techniques or practices that may have a higher complication rate than others. To accomplish this goal, we performed a critical review of the literature.
MATERIALS AND METHODS
Two independent authors performed a systematic review of the MPFL reconstruction literature. The search was performed in the first week of October 2010. The following databases were utilized: Medline, PubMed, CINAHL, SPORTDiscus, and Cochrane Collaboration of Systematic Reviews. Search terms utilized included ''medial patellofemoral ligament,'' ''MPFL,'' ''reconstruction,'' ''complication(s),'' and ''failure(s).'' This included all studies with level I to IV evidence (Oxford Centre for Evidence Based Medicine adapted by the American version of the Journal of Bone and Joint Surgery). 30 To be included, articles were required to report some form of data relating to complications or graft failures. Articles with questionable relevance to this study were discussed with the senior author. In addition, the first author evaluated the reference sections of selected studies for potentially inclusive articles missed during the initial search. Included articles were reviewed twice, making note of graft choice, surgical technique (attention paid to patellar fixation, femoral fixation and location of graft, and adjuvant procedures), outcome measures, and complications. The authors of this study defined complications as any negative outcome including persistence of preoperative symptoms, returning to the operating room, symptomatic hardware, loss of arc range of motion, pain, and so on. The authors considered all complications mutually exclusive unless otherwise stated. These findings were recorded and organized in a database.
The pooled complication rate was calculated by pooling the number of reconstructed knees and reported complications across all included studies. Additionally, for each study, the overall complication rate was calculated, and then separate complication rates were calculated for recurrent subluxation/dislocation and postoperative reports of apprehension, patellar hypermobility, or episodic unstable feelings at final follow-up without frank subluxation or dislocation of the patella. To examine the variability in the reporting complications, the mean complication rate reported across studies was calculated.
Pooled complication rates were also used to descriptively examine the effect of surgical technique on complications. Complication rates were calculated to compare studies using sutures and/or suture anchors with those utilizing patellar tunnels for graft fixation. For the purposes of this review, any technique that required the creation of one or more patellar tunnels was classified as a ''tunnel'' technique, and all other techniques were classified as ''suture'' techniques. Additionally, cumulative complication rates were compared for studies performing graft fixation at less than 60°of knee flexion and those performing fixation at 60°or greater knee flexion. Because of a lack of randomized controlled trials and significant heterogeneity between studies, neither risk ratios nor odds ratios could be calculated to directly compare the risk of complications between surgical techniques.
RESULTS

Article Selection
The initial search yielded 146 articles. Forty-three articles were eliminated because they did not address MPFL reconstruction (described other procedures). Anatomy studies (cadaveric, imaging, computational, histology) comprised 27 articles. Fifteen studies described surgical technique without reporting outcomes for any patients. Six articles were deemed case reports without information regarding clinical outcomes within a cohort. Review articles eliminated 9 reports. Seven articles did not have an abstract and were categorized as editorials or letters. Non-English articles eliminated 10 studies. Three articles reported on MPFL repair instead of reconstruction, and 1 article was excluded for failure to comment or report on complications or graft failures. After elimination of the above articles, we reviewed 25 scientific articles describing MPFL reconstruction with clinical outcomes. # See Figure 1 for a flowchart. Table 1 outlines the study design, patient population, and complications associated with each article. No articles explicitly declared a conflict of interest. An expanded version of this table, detailing techniques involved in each study, is available as an online Appendix to this article (http://ajs.sagepub.com/supplemental/). Based on the Oxford Centre for Evidence Based Medicine criteria, no studies were classified as level I evidence, 2 studies were level II, 6 studies were level III, and 17 studies were level IV. A total of 629 knees underwent MPFL reconstruction. Men accounted for 242 (40.5%) of the 597 patients. The average age for all patients was approximately 24 years with a range of 6 to 55 years (23 of 25 studies reported average age; others provided a median age). The average followup was approximately 47 months with a range of 3 to 204 months (23 of 25 studies reported average follow-up; others indicated median follow-up or a minimum of 2 years' followup). One article noted patients with less than 11 months of follow-up 23 but did not specify how many. Most studies did not report specific findings for preoperative instability. Diagnosis of patellar instability was based on history (eg, multiple patellar dislocations, anterior knee pain), physical examinations (eg, patellar apprehension, patellar hypermobility), and radiographic findings (eg, stress shift ratios, patella alta). Additional procedures augmenting the MPFL reconstruction included lateral retinacular release (LRR), tibial tubercle transfer (TTT), retinacular plication, vastus medialis obliquus (VMO) advancement, and chondroplasty. Two hundred thirty knees had LRR, 76 knees had TTT, and 67 knees had medial retinacular plication or VMO advancement. Four articles reported performing chondroplasty on a total of 22 patients; however, multiple articles reported various articular surface procedures without providing specific numbers.
Study Descriptions
Patellar fixation techniques varied among the studies. Seventeen studies used patellar tunnels ranging in size from 2.4 mm to 4.5 mm in diameter. Four studies used a single transverse tunnel drilled to 2 different diameters (larger diameter medially). Five articles had the patellar tunnel exiting anteriorly instead of laterally. Four articles investigated using dual tunnels separated by a bone bridge; one of these used dual tunnels that exited at the anterior patella. Seven articles report using sutures or suture anchors without patellar tunnels for lateral fixation of the MPFL graft. One article maintained the quadriceps tendon insertion on the superior pole of the patella for its lateral fixation.
Complication rates for individual studies varied greatly, ranging from 0% 24 to 85.2% 26 with a mean complication rate of 25.7% 6 21.3% across all included studies. The mean rates of recurrent subluxation/dislocation (4.3% 6 5.6%) and continued hypermobility/apprehension without subluxation or dislocation (7.7% 6 12.3%) were also highly variable.
Occurrence of Complications
A total of 164 complications occurred in 629 knees (26.1%). These adverse events ranged from minor to major. Broad classifications of failures included patellar fracture, returning to the operating room to correct residual instability, findings of clinical instability on postoperative examination, loss of knee flexion, wound complications, and pain. Four patients in 3 different studies sustained patellar fracture after the initial procedure. Each of the studies used transpatellar tunnels where the graft was passed from the medial patellar aperture through the patella for lateral fixation. One author used a 3.2-mm transverse patellar tunnel, another used a 4.5-mm patellar tunnel that exited anteriorly, and the last study used two 4.5-mm transverse tunnels separated by a 10-to 15-mm bone bridge.
A total of 26 patients returned to the operating room for additional procedures. These procedures included addressing residual subluxation or dislocation (n = 6), excising a patellar fragment after fracture (n = 1), manipulations 1. Knee stiffness that resolved after aggressive physical therapy (1) (continued) Vol. 40, No. 8, 2012 Complications and Failures Associated With MPFL Reconstruction 1919 under anesthesia to correct flexion loss (n = 9), removal of symptomatic hardware (n = 7), evacuation of hematoma (n = 1), and irrigation/debridement of surgical site infection (n = 2). Symptomatic hardware consistently occurred at the point of medial fixation on the femur. There were 23 (3.7%) knees that were deemed clinical failures at final follow-up across 11 different studies. These patients experienced additional subluxation/dislocation after reconstruction of the MPFL. Five techniques passed the graft through a patellar tunnel that started medially and exited anteriorly or laterally. The graft was either folded over the anterior patella or passed through a second patellar tunnel of similar orientation. The authors of this review generically classified this technique as a ''looped'' graft. Three articles used sutures or anchors without bone tunnels for patellar fixation of the graft. This was classified as suture fixation. One article used a transverse patellar tunnel and sutured the graft into the lateral retinaculum. One report used quadriceps tendon autograft for MPFL reconstruction while maintaining its insertion on the superior pole of the patella for its lateral ''fixation.'' 12 The final article did not indicate which group sustained recurrent instability. 9 Postoperative examinations showed 52 of 629 knees (8.3%) that still experienced apprehension, patellar hypermobility, or episodic unstable feelings at final follow-up without frank subluxation or dislocation of the patella. Because of the heterogeneity of defining failure among all the reports, the authors of this study classified patellar hypermobility/apprehension as a separate entity from redislocation/resubluxation. Twenty-two knees had residual flexion loss at final follow-up, 9 of which underwent manipulation under anesthesia. Wound complications occurred in 13 knees. These included subcutaneous hematoma (n = 3), wound infections (n = 5), wound dehiscence (n = 4), and postoperative neuroma related to graft harvest (n = 1). Significant postoperative pain was reported by 34 patients. These patients experienced symptomatic hardware (n = 19) or persistent knee pain (n = 15).
A pooled comparison of overall complication rates for knees that underwent tunnel fixation and those that underwent suture fixation can be seen in Figure 2 . Studies that failed to clearly define their fixation technique as either suture or tunnel were excluded from this analysis. Because only one study 25 directly compared the 2 fixation methods and because of the tremendous variation in study populations, procedures, and duration of follow-up, no clear statistical comparison can be made between the 2 fixation methods.
Similarly, no clear comparisons can be made regarding the occurrence of complications relative to the angle of knee flexion at the time of reconstruction (Figure 3 ). The reporting of knee angle varied across studies, with some studies reporting precise positions, others reporting a range of positions, and some studies failing to document knee flexion angle. As a result, knee flexion angle was dichotomized into 2 groups: those studies reporting positioning of the knee in less than 60°of flexion, and those reporting knee flexion angles of 60°or greater. Those studies that failed to describe knee flexion angle were excluded from the analysis of complications by knee flexion angle.
DISCUSSION
Our group found 25 articles reporting MPFL reconstruction for patellar instability. Only 2 studies were classified as level II evidence; none were level I. This indicates a paucity of high-level evidence to evaluate the success and failure of MPFL reconstructions. Given that MPFL reconstructions have become a popular surgical procedure, this is somewhat concerning as this study found that the overall complication rate is not trivial. With an overall cumulative complication rate of 26.1%, caution is indicated when this procedure is performed. Major complications included patellar fracture, postoperative instability, flexion loss, and pain. Many patients returned to the operative suite for manipulations to address decreased range of motion and removal of symptomatic hardware. A large proportion of the complications were recurrent apprehension (52/164 =~32% of all complications). It is unclear whether patients with recurrent instability had a failure due to graft loosening, rupture, or failure to recognize additional risk factors for recurrent patellar instability. It is possible that the rate of recurrent apprehension and subluxation may be caused by other unrecognized and uncorrected risk factors for patellofemoral instability such as an increased tibial tubercle-trochlear groove measurement, patella alta, or higher grade trochlea dysplasia. This underlines the importance of recognizing additional risk factors in patients with recurrent patellar subluxations and dislocations. We suggest that authors should be held to report on the perceived reasons for failure as the various reported techniques each have numerous and unique reasons for potential failure of the graft.
The MPFL graft fixation methods vary within the literature but can generically be categorized as suture or tunnel techniques. Figure 2 provides descriptive data regarding the complication rate observed between tunnel and suture techniques. A trend of more overall complications was observed utilizing the tunnel techniques (29.8%) compared with suture techniques (21.6%). However, the suture techniques demonstrated a higher rate of recurrent dislocation/subluxation (4.8%) and apprehension/hypermobility (24.0%) than the tunnel technique (3.3% and 8.6%, respectively). While this information raises questions regarding complication risk associated with each procedure, clear comparisons between the procedures cannot be made because of the relatively small sample sizes available, the variety of concomitant procedures performed with MPFL reconstruction, a lack of uniform reporting of complications, and variations in length of follow-up.
Arguably, the most severe complication reported was a postoperative patellar fracture. Four patellar fractures were reported, all in patients who underwent MPFL reconstructions using single or double transverse bone tunnels (n = 429). The range of bone tunnels created in these 4 patients ranged from 3.2 mm to 4.5 mm. One patient sustained a transverse patellar fracture after a fall. His/her fixation called for a transverse 3.2-mm patellar tunnel with a polyester graft that was fixed to the lateral patella using a knot. Two patients had a 4.5-mm patellar tunnel that exited the anterior patella. The authors used a semitendinosus autograft with the free end passed through the tunnel, folded over, and sutured into place. A fourth patient developed a postoperative patellar fracture when rising from a chair. The surgeons looped a gracilis graft through two 4.5-mm transverse patellar tunnels separated by 10 to 15 mm. No patellar fractures were reported in studies using a docking technique, anchors, or a soft tissue attachment on the patella (n = 125). Even though the incidence of patellar fracture is certainly not high enough to draw statistically relevant conclusions, it behooves the surgeon to consider using a technique that does not carry the inherent risk of fracture. In this context, a docking anchorbased or suture fixation could be safer to use.
Another frequently reported complication after MPFL reconstruction is the loss of knee flexion. This was reported in 22 patients (13.4% of all complications), out of which half required postoperative manipulation under anesthesia. The MPFL is a nonisometric ligament that acts primarily as a restraint. The concept of ''tensioning'' of the MPFL at any reported flexion angle therefore may be a conceptual problem. In its native state, the MPFL is not under tension; it only comes under tension when a laterally displacing force acts on the patella. Therefore, ''tensioning'' the MPFL graft may in fact restrict range of motion. In addition, it may be important to clearly determine the femoral point of fixation intraoperatively according to easily identifiable landmarks. In many patients, it is very hard to clearly palpate the adductor tubercle. A reliable method described by Schottle et al 34 origin of the medial femoral condyle, and proximal to the posterior point of the Blumensaat line on the lateral radiograph. 34 However, a recent study showed potential anisometry of the MPFL graft related to the degree of patella alta. Tateishi et al 39 had 10 patients with an average patellar height ratio of 1.4 6 0.2 whose graft length increased 3 to 5.5 mm with knee range of motion. The femoral fixation was near but not exactly at Schottle et al's specifications. 34 For this group, the femoral tunnel averaged -1.2 6 5.6 mm relative to the posterior cortex, 4.9 6 2.1 mm distal to the posterior origin of the medial femoral condyle, and 3.1 6 1.5 mm proximal to the Blumensaat line. Fixation at various flexion angles has been recommended. The angle of knee flexion at the time of graft placement may play a role in postoperative patellar stability. Figure 3 provides descriptive data for the influence of knee flexion angle on complication rate. A trend for those undergoing fixation at less than 60°of knee flexion (32.6%, n = 230 knees) to experience a higher overall complication rate than those undergoing fixation at 60°or greater knee flexion (23.8%, n = 319 knees) was observed. Similarly, a lower rate of recurrent subluxation/dislocation (1.6% vs 6.1%) and continued apprehension/hypermobility (9.1% vs 9.6%) was observed among those undergoing fixation at 60°or greater compared with those undergoing fixation at less than 60°. However, caution is urged in interpreting these values as they are only descriptive in nature and previously discussed limitations prevent direct statistical comparison. At full extension, the medial retinaculum and MPFL are most taut and resist patellar subluxation. 2 The patella subluxates most easily at 20°of flexion. 35 As knee flexion increases, the medial retinaculum slackens, and the femoral trochlea limits medial and lateral displacement of the patella. Previous work also reports that maximal graft length occurs at 60°of flexion. 37 Some authors advocate graft fixation at increased knee flexion angles to prevent overtightening of the graft, 1 while others call for fixation at decreased knee flexion because the maximal effect of the MPFL occurs from 0°to 20°. 32 This area requires further comparative investigations before conclusions can be drawn.
This study revealed that a significant number of patients had to return to the operating room for additional surgical procedures. The highest number of secondary surgeries was reported for manipulations under anesthesia (1.4%), for loss of knee motion, and for removal of symptomatic hardware (1.1%). We addressed the concerns regarding the loss of range of motion, in the above paragraph. One should also be aware of the fact that any hardware at the edge of the patella or the medial side of the knee may become prominent once the surgical swelling has resolved. Patients may tolerate hardware in these areas less well than in other areas of the knee (eg, proximal tibia after anterior cruciate ligament reconstructions), thus requesting hardware removal. A total of 19 patients across 5 studies complained of painful hardware. 6, 8, 16, 26, 38 Of these 5 studies, 133 patients underwent MPFL reconstruction with metallic implants. In one study, some patients in the cohort did not have implanted hardware and were excluded from the previous total. 38 Twelve patients experienced symptomatic staples, 3 had painful lag screws, and 3 had symptomatic interference screws. All of these implants were located on the femoral side. One patient had symptomatic hardware related to TTT.
The ability to draw conclusions from this review is greatly limited because of a lack of uniform reporting of methodology across the included studies. Significant variability was observed in the complication rate reported in individual studies, with complication rates ranging from 0% to 85.2%. 26 Similarly, the large standard deviations for the mean rates of recurrent subluxation/dislocation and continued hypermobility/apprehension suggest that complication rates were highly variable between the included studies and not normally distributed. This variability is likely not the result of tremendous variations in the overall clinical outcome between studies but rather is a function of the variation in study methodology for the reporting of complications and length of follow-up.
In conclusion, reconstruction of the MPFL overall is a popular procedure that can yield successful outcomes in many patients. However, despite its popularity, it is a procedure that can be associated with significant intraoperative and postoperative complications that should be considered before choosing a technique. Also, there is a paucity of high-level studies evaluating MPFL reconstruction techniques, thus limiting our ability to judge the true outcome of this procedure with regard to complication rate. Further high-level studies with uniform reporting of methodology and clinical outcomes including complications are needed to detect the overall outcome, risks, and benefits of this procedure. In particular, it will be necessary to better define clinical failure versus success based on clinical, radiographic, and patient-reported outcomes parameters.
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